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(57) ABSTRACT

A ferroelectric memory device includes a first bit line, a
second bit line provided adjacent to the first bit line, a first
memory cell block including a first terminal, a second
terminal, and a plurality of memory cells connected 1n series
between the first and second terminals and arranged 1n a first
direction along the first bit line connected to the first
terminal by a first block select transistor, a second memory
cell block including a plurality of memory cells, and a
plurality of first contacts arranged between the first and
second memory cell blocks, each first contact connecting the
upper electrode and drain or source electrode of one memory
cell.

19 Claims, 6 Drawing Sheets

{2
16 13




U.S. Patent Mar. 20, 2007 Sheet 1 of 6 US 7,193,260 B2

FIG. 1



¢ 9l4

US 7,193,260 B2

i
Il
(I
i
il

e NN ///////:A////////é ] V////////////////////////////A e V///////////////////////////J o
||||||| N A I R
e - N EH NN B =R NI
S __; _ N\ | RRSS— N\ | et W Bt N\ i BT
3 -
2 A._m\vmm .,:nV///////V./////////V///M az.,?////////V///// NN m_. //////////I/////////.V///‘ m.._“
= — —1 I —— — I . — —1 | /
7 p “I.Iﬁ!\iﬁ‘\ m m “ “ m m “ “ u\hu\\lwl.\,\\ﬁ\ w m “ “
I = = : = =/ 1T = = :
~ 4 g == — [ / 1= —] r 1 1 1 = — I/ /
m mP m m m m “\\ﬁ\\\.\\\ m m m m “‘\\\ﬁ.\\i\.\. “ m m m Vrwowowoaad
) / e — / N — —— / == —
S _m _= //////////////Ai.ﬁ.m W/////////////ﬂz///////aa:m NN //////////////éis
. SNNSN\NY
-
o~
>

Ll i | N\ | ey iy gy N NN\ [
SO i | E @ mEm |
N N DN S S

I v it i N\ NN [ B I N
(78) 02 E_.r///V/;V////.V////IW////V///////é.E.E%//////////V/%Eﬁtﬁ%/%///////@%iz
H ‘| 0|

ullll
T
Tl
I

U.S. Patent



US 7,193,260 B2

20, 2007 Sheet 3 of 6

Mar.

U.S. Patent

01

L

o}
el

!
gl

S

2 g

o 911

llllllllll

S YESY RSN NN NN ‘r‘ ‘z

—l 0|

"”’E

L] \LLLL]

B N
- S5y SS5S

ANAAVANANAN AN

1iad7 il

VAN Y

Bl =0

”’A”E

./ /] (LT T
& ik

./ /0] \LZLL]
F/////A. aﬂfé ANAARNN A NS
NV Vo4l VL. -f"<A

N NN NN N N N N NN ""‘

""”"‘

/. \ A/ /J J L L L L L L L L L L L L S LS

0¢

AN



U.S. Patent Mar. 20, 2007 Sheet 4 of 6 US 7,193,260 B2

Occupying area per
one memory cell MC

FI1G. 4 5
\\\\\\\\w ?
\\\\\\\\\\\\\\\\\
VI | """"" ); -- |
| X ,
Flos ALz |
DI :
y
FIG.6 | E ' il‘é

N



(14Y HoMd) /B | 5

US 7,193,260 B2

6 . '/’.’/ﬂ/////////ﬁé VAV NN NN 2%? ViAW A NN EN, '//////A/////////g rivardars
\
. ﬁm FH X H ”_/_,_,,_,.
& A // ........................... .
= N\
2 ) o_n :......./////// / //// NN A NN ?////// %Eﬂiﬁi////////// 4?//////4, ==
7 l
—
= (19) Oy ~-_ k= V/ﬂ///////////////f///// _.,........,.......,..._.,,....,.._ﬂr////// ///,////V////// N |\ \ N NN ///Af rrrr
= g N T N
“ T ___, ,____,
_..oua_. mm" _ -II_
= e AR ////////// g ey (NN /// NNRRRERN s ANNRNNNRRRRN /// P
€ g m = . 0% w = = =
4%

U.S. Patent



US 7,193,260 B2

Sheet 6 of 6

20, 2007

Mar.

U.S. Patent

(lHY Hodd) 89| 4

08 cv 26

e SNERNIA ’J’ "l‘:" ?" i LN

<K \ NN N ‘ N
/ \ /.
g”’i NN N\ N\ "‘ NN NN N N N N\
NV /4 L] V' / /7 /4 \ZJ 7]/
Sy WSS NARANV AN NNV

’ Iﬂ\fAﬁA &S
""”!‘.“‘ NN N N N DN

¢ 1A
N N N NN ”””E

|

- .\ 7 7 Vv 7 7 7 J 7 /J 7 /7 L 7L L L L
0v LE 8¢




UsS 7,193,260 B2

1
FERROELECTRIC MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2004-

089474, filed Mar. 25, 2004, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a ferroelectric memory
device that stores data in a nonvolatile manner using a
terroelectric capacitor.

2. Description of the Related Art

Recently, a great deal of attention has been paid to a
terroelectric memory (FeRAM: Ferroelectric Random
Access Memory), as one type of the semiconductor memo-
ries, which 1s a nonvolatile memory that uses a ferroelectric
capacitor. The FeRAM, which 1s nonvolatile, can be rewrit-
ten an order of 10" times, and the reading or writing time
1s about the same as that of the DRAM. Further, the FeRAM
can be operated at a low voltage of 2.5 to SV. Due to these
remarkable advantages, i1t 1s expected that the FeRAM
replaces the entire memory market 1n near future.

An example of the FeRAM 1is disclosed 1n Jpn. Pat. Appln.
KOKATI Publication No. 10-255483 filed by the imnventor of
the present invention. This FeRAM has such a structure in
which both terminals of the {ferro-electric capacitor are
connected to the source and drain of the cell transistor to
form a memory cell MC, and a plurality of such memory
cells MC are connected 1n series to form a memory cell
block. (This FeRAM will be called *“a series connected TC

unit type ferro-electric RAM™ hereinaftter.)

FIG. 7 1s a diagram 1illustrating the layout of an example
of the structure of the series connected TC unit type ferro-
clectric RAM. FIG. 8 1s a diagram showing a cross section

of the structure shown in FIG. 7 taken along the line
VIII—VIII.

A gate electrode 32 1s formed via a gate oxide 42 on a
semiconductor substrate 30. The gate electrode 32 serves as
a word line WL. A diffusion layer (AA: Active Area) 31 1s
provided on both sides of the gate electrode 32 in the
semiconductor substrate 30, and the diffusion layer serves as
source and drain electrodes of the cell transistor on both
sides, respectively.

A ferroelectric capacitor 1s provided above the cell tran-
sistor, and the ferroelectric capacitor includes a lower elec-
trode 33, a ferroelectric film 34 and an upper electrode 35.
The lower electrode 33, ferroelectric film 34 and upper
clectrode 35 are laminated one on another in this order to
torm the ferroelectric capacitor. The lower electrode 33 and
the diffusion layer 31 are connected to each other via an

AA-LE contact 36.

The upper electrodes 35 of two ferromagnetic capacitors
formed adjacent to each other in one direction are connected
together by a metal 38. The metal 38 and the diffusion layer
31 are connected to each other via an AA-M contact 39. A
bit line 40 1s provided above the memory cell MC. An
insulating oxide layer 41 1s formed on the semiconductor
substrate 30.

In the ferroelectric memory, which has the above-de-
scribed structure, the AA-M contact 39 1s formed between

the upper electrodes 35 within the same memory cell block.
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Due to the AA-M contact 39 formed there, the extending
directional area of the bit line 40 of the ferroelectric memory
1s 1ncreased.

Due to the above-described structure, the bit line 40 1s
extended and therefore the parasitic capacity of the bit line
1s increased. As the result of increasing the parasitic capacity
of the bit line, the read signal amount of the bit line is
decreased.

BRIEF SUMMARY OF TH.

L1l

INVENTION

According to an aspect of the present invention, there 1s
provided a ferroelectric memory device comprising: a first
bit line; a second bit line provided adjacent to the first bit
line; a first memory cell block including a first terminal, a
second terminal, and a plurality of memory cells connected
in series between the first and second terminals and arranged
in a first direction along the first bit line connected to the first
terminal by a first block select transistor, the memory cells
cach including a cell transistor having a gate, a source and
a drain electrode, and a ferroelectric capacitor having a
lower electrode connected to the source or drain electrode,
a ferroelectric film provided on the lower electrode and an
upper electrode provided on the ferroelectric film; a second
memory cell block including a third terminal, a fourth
terminal, and a plurality of memory cells connected 1n series
between the third and fourth terminals and arranged in the
first direction, the third terminal connected to the second bit
line by a second block select transistor, the memory cells
cach including a cell transistor having a gate, a source and
a dramn electrode, and a ferroelectric capacitor having a
lower electrode connected to the source or drain electrode,
a ferroelectric film provided on the lower electrode and an
upper electrode provided on the ferroelectric film; and a
plurality of first contacts arranged between the first and
second memory cell blocks, each first contact connecting the
upper electrode and drain or source electrode of one memory
cell.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 15 a circuit diagram of an FeRAM according to an
embodiment of the present invention;

FIG. 2 1s a diagram showing the layout of the structure of
the FeRAM shown in FIG. 1;

FIG. 3 1s a diagram showing a cross section taken along
the line III—III indicated 1in FIG. 2;

FIG. 4 1s a diagram brefly illustrating the layout of two
terroelectric capacitors 2 on the bit line BL side and two
terroelectric capacitors 2 on the bit line /BL side;

FIG. 5 1s a diagram showing a cross section taken along
the line V—V 1ndicated in FIG. 4;

FIG. 6 1s a diagram showing a cross section taken along
the line VI—VI indicated 1n FIG. 4;

FIG. 7 1s a diagram showing a layout of an example of the
series connected TC unit type ferroelectric RAM; and

FIG. 8 1s a diagram showing a cross section taken along
the line VIII-—VIII indicated 1n FIG. 7.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

An embodiment of the present invention, which has been
proposed as a solution to the drawback of the prior art
technique described above, will now be described with
reference to accompanying drawings. In the following
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descriptions, structural elements having the same function
and structure as those mentioned above will be designated
by the same reference numerals, and the explanations there-
fore will not be repeated unless they are necessary.

FIG. 1 1s a circuit diagram of FeRAM according to the
embodiment of the present invention. The FeRAM 1s a series
connected TC unit type ferroelectric RAM.

In this figure, both terminals of a ferroelectric capacitor 2
are connected to source and drain electrodes of a cell
transistor 1, respectively, and thus one memory cell MC 1s
tformed. A plurality of such memory cells MC are connected
in series to form a memory cell block 5. One of terminals of
cach memory cell block 1s connected to a bit line BL or /BL
via a block selection transistor 3. The other terminal of each
memory cell block 1s connected to a plate line PL.

A gate electrode of the block selection transistor 3 1s
connected to a block selection line BS. Thus, a block
selection signal 1s supplied to the gate electrode of the block
selection transistor 3. A gate electrode of the cell transistor
1 1s connected to a word line WLn. A bit line pair made of
bit lines BL and /BL are connected to a sense amplifier
circuit (SA) 4.

FIG. 2 1s a layout diagram illustrating the structure of the
FeRAM shown in FIG. 1. FIG. 3 1s a diagram showing a
cross section taken along the line III-—III indicated 1n FIG.
2.

A gate electrode 12 1s formed via a gate oxide 22 on a
semiconductor substrate 10. The gate electrode 12 serves as
a word line WL. A diffusion layer (AA: Active Area) 11 1s
provided on both sides of the gate electrode 12 in the
semiconductor substrate 10, and the diffusion layer 11 serves
as source and drain electrodes of the cell transistor 1 on both
sides, respectively. As described above, a plurality of the
above-explained cell transistors 1 are connected in series
within the same memory cell block. More specification, the
source or drain electrode of one cell transistor 1 1s connected
to the source or drain electrode of another cell transistor
provided adjacent to the above cell transistor 1, respectively.
In this embodiment, the source or drain electrodes of two
cell transistors adjacent to each other are formed in the
common diffusion layer 11.

It should be noted here that in the case where the source
or drain electrodes of two cell transistors 1 adjacent to each
other are formed 1n separate diffusion layers 11, the contact
between the cell transistor 1 and the ferroelectric capacitor
2 1s required for each of the diffusion layers 11, although the
present mvention 1s not limited to such a structure.

A Tferroelectric capacitor 2 1s provided above the cell
transistor 1, and the ferroelectric capacitor 2 includes a
lower electrode (LE) 13, a ferroelectric ilm 14 and an upper
clectrode (UE) 15. The lower electrode 13, ferroelectric film
14 and upper electrode 15 are laminated one on another 1n
this order to form the ferroelectric capacitor 2. Lower
clectrodes 13 of two ferroelectric capacitor 2 formed adja-
cent to each other on one side are shared. The lower
clectrodes 13 and the diffusion layer 11 are connected to
cach other via an AA-LE contact 16. The AA-LE contact 16
1s provided for each of the lower electrodes 13 in number.

The upper electrodes 15 of two ferromagnetic capacitors
formed adjacent to each other in the other direction are
connected together by a metal 18. That 1s, the lower elec-
trode of one ferroelectric capacitor 2 and the lower electrode
13 of another ferroelectric capacitor 2 adjacent to the men-
tioned capacitor 2 on one side are commonly used, and the
upper electrode 15 of that one ferroelectric capacitor 2 1s
connected to the upper electrode 15 of still another adjacent
terroelectric capacitor 2 adjacent on the other side. The

10

15

20

25

30

35

40

45

50

55

60

65

4

upper clectrode 15 and the metal 18 are connected to each
other via an UE-M contact 17. The metal 18 and the
diffusion layer 11 are connected to each other via an AA-M
contact 19. The AA-M contact 19 1s provided for each of the
metals 18 1n number.

A bit Iine 20 1s provided above the memory cell MC. The

memory cell block 5 1s connected to the bit line via the block
section transistor 3. The bit line BL20 and the bit line /B1.20

are provided to be adjacent and 1n substantially parallel to
cach other. An insulating oxide layer 21 1s formed on the
semi-conductor substrate 10.

It should be noted that the AA-M contact 19 1s not
provided between the upper electrodes within the same

memory cell block. More specifically, the AA-M contact 19
connected to one memory cell block 5 on the bit line BL side

and the AA-M contact 19 connected to another memory cell
block 5 on the bit line /BL side are provided between the

upper electrodes 15 of these memory cell blocks 5.

Further, the AA-M contact 19 connected to one memory
cell block 5 on the bit line BL side and the AA-M contact 19
connected to another memory cell block 5 on the bit line /BL
side are arranged at positions complimentary to each other
so that they do not overlap 1n a vertical direction to the
extending direction of the bit line BL.. The AA-M contact 19
1s provided between a midpoint between the two upper
clectrodes 15 connected to the AA-M contact 19 and a
midpoint between the two upper electrodes that share the
lower electrode 13.

Each of the metals 18 has such a shape that connects two
upper electrodes 15 and one AA-M contact 19 to each other.
More specifically, the metal 18 on the bit line BL side has an
overhang projecting to the bit line /BL side. The AA-M
contact 19 1s connected to the overhang of the metal 18. The
diffusion layer 11 connected to the AA-M contact 19 has
substantially the same shape as that of the metal wiring layer

18.

Next, the reason why the FeRAM that has the structure
described 1n this embodiment can reduce the area will now
be described. FIG. 4 1s a diagram briefly illustrating the
layout of two ferroelectric capacitors 2 on the bit line BL
side, that share a lower electrode and two ferroelectric
capacitors 2 on the bit line /BL side, that are located adjacent
to the above two {ferroelectric capacitors 2, respectively.
FIG. 5 1s a diagram showing a cross section taken along the
line V—V 1ndicated i FIG. 4, and FIG. 6 1s a diagram

showing a cross section taken along the line VI—VI 1ndi-
cated in FIG. 4.

In FIG. 4, the region indicated by dashed lines expresses
an occupying area per one memory cell MC. The symbol
“X” indicates a lateral length of the occupying area (in the
extending direction of the bit line), whereas “Y” indicates a
vertical length of the occupying area. The ferroelectric
capacitor 2 has a tapered shape as shown 1n FIGS. 5 and 6
for the convenience of the FE RAM manufacturing process,
and therefore the relationship (1) 1s established.

X<Y (1)

The occupying area Ac per one memory cell MC 1n the
case where the AA-M contact 19 1s provided between the
upper electrodes within the same memory cell block can be
expressed by the following equation:

Ac=Y(X+cd) (2)

where “cd” 1s the length that increases as an AA-M
contact 19 1s added.
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As compared to the above, the occupying area Ac of the
embodiment of the present invention can be expressed by
the following equation:

Ap=X(Y+cd) (3)

Therefore, from the relationship (1), the following rela-
tionship can be established:

Ap<Ac

As can be understood from this relationship, the embodi-
ment of the present invention can reduce the occupying area
as compared to the case where the AA-M contact 19 1is
provided between the upper electrodes within the same
memory cell block.

As described above in detail, according to the embodi-
ment of the present invention, the AA-M contact 19 that
connects the upper electrode 15 of the ferro-electric capaci-
tor 2 and the diffusion layer 11 of the cell transistor 1 1s
placed between two memory cell blocks 3 adjacent to each
other. Further, the upper electrode 15 of one ferroelectric
capacitor 2 1s connected by means of the metal 18 to the
upper electrode 15 of another ferroelectric capacitor 2
provided on one side adjacent to the above capacitor 2.
Further, the lower electrode 13 of that one ferro-electric
capacitor 2 and the lower electrode 13 of still another
terroelectric capacitor 2 provided on the other side adjacent
to the capacitor 2 are shared. Further, each of the ferroelec-
tric capacitor 2 1s formed to have such a tapered shape that
reduces its width towards the upper electrode 15.

With the above-summarized structure of this embodi-
ment, the occupying area per one memory cell MC can be
decreased, and therefore the circuit area of the FeRAM can
be reduced.

Further, there 1s not AA-M contact 19 provided between
the upper electrodes within the same memory cell block, the
length of the bit line (in 1ts extending direction) can be
shortened. With this structure, the parasitic capacitance of
the bit line can be reduced, and therefore the read signal
amount of the bit line can be increase as a result.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor memory device comprising:

a first bit line extending 1n a first direction;

a second bit line extending in the first direction and
provided separate from the first bit line;

a first memory cell block including a first terminal con-
nected to the first bit line by a first block select
transistor, a second terminal, and a plurality of first
memory cells connected 1n series between the first and
second terminals 1n the first direction, each first
memory cell including a first capacitor and a first cell
transistor, which are connected in parallel, the first
capacitor including a first lower electrode and a first
upper electrode;

a second memory cell block including a third terminal
connected to the second bit line by a second block
select transistor, a fourth terminal, and a plurality of
second memory cells connected 1n series between the
third and fourth terminals in the first direction, each
second memory cell including a second capacitor and a
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6

second cell transistor, which are connected 1n parallel,
the second capacitor including a second lower electrode
and a second upper electrode and provided adjacent to
the first capacitor 1n a second direction perpendicular to
the first direction;

a plurality of first wiring portions provided for first pairs
of adjacent first capacitors, respectively, each {irst
wiring portion electrically connecting, to each other,
two first upper electrodes of the adjacent first capaci-
tors;

a plurality of second wiring portions provided for second
pairs of adjacent second capacitors, respectively, each
second wiring portion electrically connecting, to each
other, two second upper electrodes of the adjacent
second capacitors, the second pairs being provided
adjacent to the first pairs in the second direction,
respectively;

a plurality of first contacts electrically connected to the
first wiring portions and provided between the first
capacitor and the second capacitor, each first contact
being located on one side with respect to a line formed
by connecting a first midpoint and a second midpoint,
the first midpoint existing between the two first upper
clectrodes, and the second midpoint existing between
the two second upper electrodes; and

a plurality of second contacts electrically connected to the
second wiring portions and provided between the first
capacitor and the second capacitor, each second contact
being located opposite a respective first contact on the
other side with respect to the line.

2. The semiconductor memory device according to claim

1, wherein the first and second contacts are located 1n a
rectangle constituted by the two first upper electrodes and
the two second upper electrodes.

3. The semiconductor memory device according to claim
1, wherein the first cell transistor includes a gate electrode,
a source electrode and a drain electrode, the drain or source
clectrode of the first cell transistor being electrically con-
nected to the first contact, and the second cell transistor
includes a gate electrode, a source electrode and a drain
electrode, the drain or source electrode of the second cell
transistor being electrically connected to the second contact.

4. The semiconductor memory device according to claim
1, wherein the first capacitor includes a ferroelectric film
provided between the first lower electrode and the first upper
clectrode, and the second capacitor includes a ferroelectric
film provided between the second lower electrode and the
second upper electrode.

5. The semiconductor memory device according to claim
1, wherein the first wiring portion has a first overhang
connected to the first contact, and the second wiring portion
has a second overhang connected to the second contact.

6. The semiconductor memory device according to claim
5, wherein the first overhang protrudes toward the second
memory cell block 1n the second direction, and the second
overhang protrudes toward the first memory cell block 1n the
second direction.

7. The semiconductor memory device according to claim
5, wherein the first and second overhangs are rectangles 1n
their plane.

8. The semiconductor memory device according to claim
1, wherein the first and second upper electrodes are rect-
angles 1n their plane.

9. The semiconductor memory device according to claim
1. wherein the first contacts are located 1n an area other than
an area opposite to the second memory cell block with
respect to the first memory cell block, and the second
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contacts are located 1n an area other than an area opposite to
the first memory cell block with respect to the second
memory cell block.

10. The semiconductor memory device according to claim
1, wherein the first contacts are located outside an area
between the first capacitors of the first memory cells, and the
second contacts are located outside an area between the
second capacitors, but outside the area between the second
capacitors.

11. The semiconductor memory device according to claim
1, wherein the first and second contacts are rectangles 1n
their plane.

12. The semiconductor memory device according to claim
11, wherein the first and second contacts have no sides
inclined at a 45-degree angle in their plane with respect to
the first direction.

13. The semiconductor memory device according to claim
3, further comprising third pairs of adjacent first capacitors
and fourth pairs of adjacent second capacitors, wherein

cach third pair shares a first lower electrode, one first

capacitor of the third pair 1s used 1n common with one
first capacitor of the first pair,

cach fourth pair shares a second lower electrode, and one

second capacitor of the fourth pair 1s used in common
with one second capacitor of the second pair.

14. The semiconductor memory device according to claim
13, wherein the first and second lower electrodes are rect-
angles 1n their plane.

10

15

20

25

8

15. The semiconductor memory device according to claim
6, wherein the first overhang 1s arranged not to overlap the
second overhang in the second direction.

16. The semiconductor memory device according to claim
1, further comprsing a third contact which electrically
connects the first upper electrode and a corresponding one of
the first wiring portions, and a fourth contact which electri-
cally connects the second upper electrode and a correspond-
ing one of the second wiring portions.

17. The semiconductor memory device according to claim
3, further comprising a fifth contact which electrically
connects the first lower electrode and the source or drain
electrode of the first cell transistor, and a sixth contact which
clectrically connects the second lower electrode and the
source or drain electrode of the second cell transistor.

18. The semiconductor memory device according to claim
1, wherein the first and second upper electrodes have areas
smaller than the first and second lower electrodes, respec-
tively.

19. The semiconductor memory device according to claim

3, wherein the source and drain electrodes are formed in
diffusion layers, and two adjacent cell transistors share a
corresponding one of the diffusion layers 1n the first direc-
tion.
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